Abstract: Relatively light electroweak superparticle masses are required to satisfy the bulk annihilation region of dark matter relic density and account for the observed excess of muon g − 2, while TeV scale squark and gluino masses are required to account for the 125 GeV Higgs boson mass and the negative SUSY search results from 7 TeV LHC in most SUSY models. These two sets of requirements can be reconciled in a simple nonuniversal gaugino mass model, which assumes SUSY breaking via a combination of two superfields belonging to the singlet and the 200-plet representations of the GUT group SU(5). The model can be probed via squark/gluon search with the present and future LHC data. In a more general nonuniversal gaugino mass model the squark and gluino masses can be raised to the edge of the discovery limit of 14 TeV LHC or beyond. This model can be probed, however, through the search for electroweak pair production of the relatively light sleptons and winos with the 14 TeV LHC data in future.
Introduction
The minimal supergravity or the so called constrained minimal supersymmetric standard model (CMSSM) has universal gaugino and scalar masses m 1/2 and m 0 at the GUT scale, along with a universal trilinear coupling parameter A 0 . Together with the ratio of the two Higgs vacuum expectation values (tan β) and the sign of the higgsino mass parameter (µ), one has four and half parameters in this model, while the magnitude of µ is determined by the radiative electroweak symmetry breaking condition [1] . A large part of the SUSY phenomenology over the years has been based on this model because of its simplicity and the predictive value. Here the lightest superparticle (LSP), i.e. the dark matter, is dominantly a bino over the bulk of the model parameter space. Since the bino does not carry any gauge charge, its natural annihilation process is via sfermion exchange. And the cosmologically compatible dark matter relic density requires rather small bino and sfermion masses ∼ 100 GeV. This is the so called bulk annihilation region. Unfortunately the LEP constraint on the light Higgs boson mass (m h > 114 GeV) practically rules out the bulk annihilation region of the CMSSM parameter space [2] . The remaining cosmologically compatible dark matter relic density regions of this model like the stau co-annihilation region, the resonant annihilation region and the focus point region, all require some amount of fine-tuning between independent SUSY mass parameters.
The reported discovery of Higgs boson at LHC by the ATLAS and CMS experiments [3] at m h ≃ 125 GeV (1.1) have stretched the above mentioned LEP constraint to significantly higher values of m 0 and m 1/2 in the CMSSM parameter space [4] . It now rules out the lower mass parts of the stau co-annihilation, the resonant annihilation and the focus point regions. The remaining parts of these cosmologically compatible dark matter relic density regions correspond to m 0 1 TeV, which imply TeV scale masses of the 1st and 2nd generation sfermions. Consequently the CMSSM contribution to the muon g − 2 is much too small to explain the anomalous excess observed by the BNL experiment [5] , i.e.
where a µ ≡ (g − 2) µ /2 [6] . The detailed analysis of ref. [4] have also found very similar results for the nonuniversal Higgs mass models (NUHM) [7] . More recently Buchmueller et al [8] have supplemented the constraints on the CMSSM and NUHM parameter spaces coming from the 125 GeV Higgs boson mass [3] , with those coming from the latest ATLAS results on direct SUSY search with 5 fb −1 LHC data at 7 TeV [9] , and the B s → µ + µ − results of ATLAS, CDF, CMS and LHCb experiments [10] along with the latest direct dark matter detection experiment result of the XENON100 experiment [11] . The ATLAS result on direct SUSY search [9] reinforces the exclusion of the low mass part of the stau co-annihilation region. The B s → µ + µ − results [10] are effective in the large tan β ( 30) region, where the resonant annihilation region of the SUSY dark matter relic density is also effective. It reinforces the exclusion of the low mass part of the latter. Finally, the latest XENON100 experiment result [11] enhances the exclusion of the low mass part of the focus point region [12] . Thus these experiments strengthen the above mentioned incompatibility between the SUSY explanations of the observed muon g − 2 anomaly [5, 6] and dark matter relic density with the 125 GeV Higgs boson mass result from LHC [3] in both CMSSM and NUHM. This has led to a wide perception that there may be an inherent tension between the two sets of results in any simple SUSY model. For the parameter scan in a phenomenological MSSM see e.g. ref. [13] .
In this work we shall try to reconcile the SUSY explanations of observed muon g − 2 anomaly [5, 6] and dark matter relic density [14] with the 125 GeV Higgs boson mass reported from LHC [3] along with the results of ref. [9] [10] [11] in some simple and predictive nonuniversal gaugino mass models [15] . It was shown in [16] that the most natural SUSY explanation of the observed dark matter relic density (in terms of finetuning) via the bulk annihilation region can be reconciled with the above mentioned Higgs mass bound from LEP [2] in a set of such nonuniversal gaugino mass models. In a recent update of this analysis [17] we have shown that the bulk annihilation region of dark matter relic density can also be reconciled with the 125 GeV Higgs boson mass in these models. The present work is mainly devoted to the analysis of the SUSY contribution to the muon g − 2 anomaly [5] , while we continue focus on a Higgs boson mass of 125 GeV. We shall see that one of these models can indeed account for the observed muon g − 2 anomaly [5] . We also investigate this issue in a more general nonuniversal gaugino mass model, where we shall find even a closer agreement with the observed muon g − 2 anomaly of eq.(1.2) without any conflict with the Higgs mass or the direct SUSY search results from LHC. In view of the high precission of the dark matter relic density data [15] we shall consider solutions lying within 3σ of its central value (see eq (11) below). For muon g − 2 anomaly, with a relatively large error bar [5] , we shall consider solutions lying within 2σ of the central value (1.2). Finally, for the putative Higgs boson mass of 125 GeV [3] , there is a spread of about 3 GeV between the two important decay channels and the two experiments. Besides there is a theoretical uncertainty of 2-3 GeV in the prediction of this mass as discussed below. Therefore we shall consider solutions with the predicted Higgs mass agreeing with the putative value of 125 GeV within 3 GeV. Since the three observables have very different levels of theoretical and experimental errors, we shall not attempt to evaluate any overall chi-square for fitting these three experimental observables.
In section 2, we summarize the essential ingredients of the model. In section 3, we present the results for a specific choice of the nonuniversal gaugino mass model, which can account for the observed muon g−2 anomaly. Then in section 4, we present the results for a more general nonuniversal gaugino mass model. We conclude with a brief summary of our results in section 5.
Nonuniversality of Gaugino Masses in SU(5) GUT
The gauge kinetic function responsible for the GUT scale gaugino masses originates from the vacuum expectation value of the F term of a chiral superfield Ω responsible for SUSY breaking, for the simplest GUT group SU(5). Thus, the GUT scale gaugino masses for a given representation of the SUSY breaking superfield are determined in terms of one parameter as
where [15] The CMSSM assumes Ω to be a singlet leading to universal gaugino masses at the GUT scale. On the other hand, any of the nonsinglet representations of Ω would imply nonuniversal masses via eqs.(2.3) and (2.4). These nonuniversal gaugino mass models are known to be consistent with the universality of gauge couplings at the GUT scale [15, 19] , with α G ≃ 1/25. The phenomenology of nonuniversal gauginos arising from nonsinglet Ω have been widely studied [20] .
It was assumed in [16] that SUSY is broken by a combination of a singlet and a nonsinglet superfields belonging to the 1 + 24, 1 + 75 or 1+200 representations of SU (5) . Then the GUT scale gaugino masses are given in terms of two mass parameters,
with l = 24, 75 or 200.
( 2.5) It is evident from the above equation that these NUGM models have an extra gaugino mass parameter than in the CMSSM. The corresponding weak scale superparticle and Higgs boson masses are given in terms of these gaugino masses and the universal scalar mass parameter m 0 via the RGE. It was shown that in these models one can access the bulk annihilation region of dark matter relic density, while keeping the light Higgs boson mass above the LEP limit of 114 GeV [2] . In order to understand this, one can equivalently consider the two independent gaugino mass parameters of eq.(2.5) in any one of these models to be M
The corresponding weak scale bino LSP mass is given to a good approximation by the one-loop RGE,
Thus one can choose a relatively small M gives the desired dark matter relic density [14] . The other mass parameter M G 3 can then be raised to an appropriate level to raise the Higgs boson mass above the LEP limit with relatively heavy squarks and gluino. In our update of ref. [17] the Higgs boson mass was further raised close to the reported value from LHC [3] with the help of a large negative A 0 term.
It may be noted here that with given M We have used the two-loop RGE code SuSpect [21] to generate the weak scale SUSY spectra. The resulting dark matter relic density and muon anomalous magnetic moment (g − 2) were computed using the micrOMEGAs code [22] . The sign of the µ parameter was chosen to be positive for getting a positive SUSY contribution to the muon anomalous magnetic moment,
To ensure the bulk annihilation region of the dark matter relic density, we chose a small m 0 = 80 GeV, and varied M G 1 upwards starting at 200 GeV. The second gaugino mass parameter M G 3 was varied upwards starting from 600 GeV, to ensure squark and gluino mass range of interest to LHC. The A 0 parameter was set at −2.1 GeV to get the desired Higgs mass. We required the dark matter relic density to lie within 3σ range of WMAP data [14] i.e. With futher rise of tan β, however, one has to choose a still larger m 0 to compensate for the faster drop of theτ 1 mass. The resulting increase in the slepton masses compensate the linear rise of a µ with tan β at constant SUSY masses. Thus one gets a broad peak for the predicted a µ at tan β ≃ 15. Explicit formulae for the SUSY contributions to a µ can be found for example in [23] . For better insight into the underlying physics, we list the weak scale superparticle and Higgs boson masses along with the resulting a µ (3.1) and δa µ (3.3) for tan β = 10 and 15 in Tables 1 and 2 respectively. As in ref. [17] , the Higgs boson mass All masses in GeV 2.04 × 10 −9
1.66 × 10 −9
1.39 × 10 −9
1.17 × 10
(δa µ ) (1.14σ) (1.04σ) (1.51σ) (1.85σ) (2.12σ) Table 1 . The SUSY mass spectrum for the (1+200) model for a ∼ 80 GeV LSP and the corresponding g − 2 contribution from SUSY. We take m 0 = 80 GeV, tan β = 10, A t0 = A b0 = −2.1 TeV with A τ 0 = 0 TeV.
has been raised by a few GeV via stop mixing by using a moderately large and negative GUT scale triliniar coupling parameter A 0 for the squark sector. The only phenomenologically relevant GUT scale A parameters (A 0 ) are A 0t = A 0b and A 0τ , All masses in GeV 2.28 × 10 −9
1.89 × 10 −9
1.59 × 10 −9
1.37 × 10 where the first two are relevant for the Higgs mass. Since in a nonuniversal model the GUT scale A parameter for the lepton sector need not be the same as that for quarks, we have kept the A τ = 0 for simplicity. It should be noted here that the MS renormalization scheme used in the SuSpect RGE code [21] is known to predict a lower Higgs boson mass than the on-shell renormalization scheme used in FeynHiggs [24] by 2 − 3 GeV [25] . Therefore a predicted Higgs boson mass ≥ 122 GeV in these tables is compatible with the reported mass of 125 GeV [3] within this theoretical uncertainty. Coming to the SUSY masses, one sees that the bino LSP and the right slepton masses are only ∼ 100 GeV as expected for the bulk annihilation region.
The wino is at least 5 times heavier than bino, while the left sleptons are at least 3 − 4 times heavier than the right ones. The low value of m 0 ensures that the left sleptons are always lighter than wino, so that one expects SUSY cascade decay to result in relatively large LHC signals in the leptonic channels. There is also an inverted hierarchy of squark masses suggesting large number of b-tags in the SUSY signal. The first two generation squarks are roughly degenerate with gluinos. The SUSY search result of the 5 fb −1 data at 7 TeV in the CMSSM shows a discovery limit of 1100 − 1200 GeV for degenerate squarks and gluons, while the claimed limit of 1360 GeV may have questionable physical significance [9] . With the 20 fb −1 data available at 8 TeV one expects this discovery limit to go up to ∼ 1500 GeV. If one assumes a similar discovery limit for degenerate squarks and gluinos in the present model as well, then one would be able to probe the SUSY spectra shown in the first three columns of tables 1 and 2. It is evidently imperative to do a dedicated SUSY search with the accumulated data in this simple nonuniversal gaugino mass model.
In closing this section it should be noted that our results are immune to the B s → µ + µ − constraints [10] , which are effective only in the large tan β ( 30) region. They are also immune to the direct detection limit from the XENON 100 experiment [11] , since the predicted cross-section is very small for a bino dominated dark matter. Detailed account of this comparison is given in ref. [17] . And finally for the preferred sign of µ, we find that the branching fraction B(b → sγ) for our chosen benchmark points falls within 2σ of the experimental world average B(b → sγ) = (3.55 ± 0.25) × 10 −4 [18] .
The Weak SUSY spectra and Muon g − 2 Prediction of a General Nonuniversal Gaugino Mass Model
Finally we shall extend the above analysis to a general nonuniversal gaugino mass model, where all the three GUT scale gaugino masses M (δa µ ) (0.51σ) (0.26σ) (0.32σ) Table 3 . The SUSY mass spectrum for a general non-universal model for a ∼ 80 GeV LSP with increasing tan β and the corresponding g − 2 contribution from SUSY. We take A t0 = A b0 = −1.4 TeV with A τ 0 = 0, while m 0 is chosen to ensure the correct relic density in each case.
parameter can now be chosen to obtain a SUSY contribution to a µ very close to the observed excess of eq.(1.2). Then the remaining parameter M G 3 can be chosen to be in the TeV scale so that one can account for the reported Higgs mass of 125 GeV [3] with an A 0 parameter of similar size as M G 3 . Table 3 lists the weak scale superparticle and Higgs boson masses for such a model along with resulting a µ predictions for tan β = 10, 15 and 20. The M G 1 value is chosen as in the last section to ensure adherence to the bulk annihilation region. In this case one requires a somewhat larger value of m 0 to ensureτ 1 mass to remain ∼ 20% above the bino LSP mass to avoid copious co-annihilation, so that the dark matter relic density remains in the desired range of eq. (3.2) . Note that the m 0 value goes up with tan β to compensate for the decrease ofτ 1 mass from RGE, as mentioned in the last section. The value of M 
Conclusion
The relatively low SUSY masses favoured by the observed dark matter relic density [14] and especially the observed excess of muon g − 2 [5] are incompatible with the reported Higgs boson mass of 125 GeV [3] and the direct SUSY search results [9] from 7 TeV LHC in the CMSSM as well as the NUHM [4, 8] . However, these two sets of results can be reconciled in a simple and predictive nonuniversal gaugino mass model, based on the SUSY GUT group SU(5) [15] . It assumes SUSY breaking by a combination of a singlet and a non singlet superfields belonging to the symmetric product of two adjoint representations of the GUT group, i.e. 1 + 24, 1 + 75 or 1 + 200 representations [16] . In each case one can satisfy the bulk annihilation region of dark matter relic density with relatively small bino and right slepton masses ∼ 100 GeV, while having TeV scale squark/gluino masses and A 0 parameter to satisfy the Higgs mass and direct SUSY search results from 7 TeV LHC [17] . We show here that the 1+200 model predicts a relatively modest mass range for wino and left slepton masses, which can also account for the observed excess of the muon g −2. Part of this model parameter space can be probed via squark/gluino search with the available LHC data, while the remainder can be probed with the 14 TeV LHC data. We then present a more general model of nonuniversal gaugino masses, where one can account for the bulk annihilation region of dark matter relic density and the observed excess of muon g − 2, while pushing up the squark/gluino masses beyond the reach of the available 7 and 8 TeV LHC data and in fact to the edge of the discovery limit of the 14 TeV data or beyond. However, the model can be probed via SUSY search for electroweak production of the relatively light wino and slepton pairs at least with the 14 TeV LHC data. We conclude with the hope that the ATLAS and CMS collaborations will start dedicated search for wino and sleptons in these simple models via squark/gluino cascade decay as well as electroweak pair production.
